Measurement
of urinary iodine is the most common method to monitor dietary iodine intake [1] [2] [3] [4] . However 
REAGENTS
Sulfuric acid (2.5 mol/L) was prepared in an ice bath by carefully adding 280 mL of concentrated sulfuric acid to 1000 mL of water, using a 3000-mL Florence flask as the reaction vessel. The cooled mixture was then diluted to 2000 mL with water.
Ceric ammonium sulfate (0.0 158 mol/L) was prepared by dissolving 10 g of ceric ammonium sulfate in 1000 mL of 1.25 mol/L sulfuric acid.
Ammonium persulfate (1 mollL) was prepared by dissolving 228.2 g of ammonium persulfate in water to a volume of 1000 mL.
Arsenious acid (0.0253 mnolIL) was prepared in a 3000-mL Florence flask by heating on a hot plate a mixture of 5 g of arsenic trioxide, 25 g of sodium chloride, and 200 mL of 2.5 mol/L sulfuric acid until dissolved. After cooling, the mixture was diluted to 1000 mL with water.
The screening reagent was prepared by dissolving 16 g (0.02 5 mollL) of ceric ammonium sulfate in 1000 mL of 1.25 molIL sulfuric acid.
All reagents, including calibrators, were stored in amber bottles at ambient temperature. PREPARATm0N OF IODINE CALIBRATORS The stock iodine calibrator (A) was prepared by dissolving 168.6 mg of potassium iodate in a 100-mL volumetric flask with water, resulting in an iodine concentration of 7.87 mmolIL (1000 j.tg/mL iodine). For stock B, 1.0 mL of stock A was diluted in 100 mL of water; the iodine concentration was 78.74 molJL (10.0 .tg/mL iodine).
The working calibrators, ranging from 0.02, 0.04, 0.06, 0.08, and 0.10 .tg/O.2 mL iodine or 0.78, 1.57, 2.36, 3.18, and 3.94 j.LmolIL, were prepared by diluting 1.0 mL, 2.0 mL, 3.0 mL, 4.0 mL, and 5.0 mL of stock B calibrator, respectively, with water to 100 mL. Water is used for the zero calibrator.
AUTOMATED PROCEDURE
Calibrators, urine samples, and urine controls (200 j.L each) are added to 16 X 100 mm glass tubes, followed by the addition of 1.0 mL of I mol/L ammonium persulfate to all tubes. All samples are oxidized for 30 mm in a 91-95 #{176}C heating block so that the temperature of the sample mixture inside the tubes is stable (±0.5 #{176}C). A blank tube containing water equivalent to the volume of the sample mixture is used to check the temperature by inserting a thermometer into it. The samples are then cooled to room temperature and 2.0 mL of arsenious acid is added. The test samples, including calibrators and controls, are transferred to 2.0-mL conical autoanalyzer cups. The leftover mixture in the test tubes is used to screen for urines that have grossly increased iodine content. The screening is performed by adding 1 drop of screening reagent.
If any of the samples turn from a yellow color to colorless in 1.0 mm, these samples are removed and further diluted.
The sampler module is set at a sampling rate of 40 samples/h. The water bath temperature is set at 37 #{176}C to increase the sensitivity of the calibration curve. The percent transmission is measured by using a continuous flow cell with a 10-mm light path at 420 nm (fixed filter). Water is used to adjust the recorder to 100% transmission.
The calibration curve is prepared daily by plotting the MANUAL PROCEDURE Samples are treated as described in the automated procedure. After oxidation is completed, the samples are cooled and 2.0 mL of arsenious acid, 1 mL of 1.25 mol/L H2S04, and 1 mL of water are sequentially added. The tubes are then placed in a 32 #{176}C water bath and incubated for 10 mm. The manual method is kept at 32 #{176}C for ease in handling by slowing down the reaction rate of iodine. The reaction is started by adding 0.5 mL of ceric ammonium sulfate to all tubes, which are incubated precisely for 10 mm. To process a batch of samples accurately and comfortably, the addition of the ceric ammonium sulfate should be done at 1-or 2-mm intervals.
At the end of the incubation, the percent transmission is read at 420 nm in a 10-mm light path cuvette. Water is used to adjust the spectrophotometer to 100% transmission.
The results are calculated as described in the automated procedure.
Results

OPTIMIZATION STUDIES
Optimal oxidation is defined as having (a) eliminated the straw color of the urine sample mixture for the color reaction measurement, (b) eliminated the interfering substances, and (c) achieved acceptable iodine content recoveries. For this purpose, the reagent volume, digestion time, and temperature were studied. Figs. 2, 3 , and 4 illustrate the effect of the reagent-tosamplevolume ratio for the ammonium persulfate oxidation, the length of time to achieve optimal oxidation to avoid complete 
ANALYTIC PERFORMANCE
Intra-and interassay variability at different urine concentrations are shown in Table 1 . These samples were assayed at the low, middle, and upper end of the calibration curve. Each of the samples was assayed 9-10 times on the same day and 6 times on different days.
The detection limit, 0.0034 jzg of iodine, was taken as 2 SD of the mean derived from 10 measurements of water samples for iodine content.
LINEARITY
To evaluate linearity, serial dilutions of a urine sample (3.976 j.tmol/L) with water were measured for urine iodine content. The results were multiplied by the appropriate dilution factors and compared with the expected value ( Table 2 ). The result was highly linear. 
INTERFERING SUBSTANCES
We assessed the effects of potassium thiocyanate [8] and Lascorbic acid [9] on the measurement of urine iodine by adding known amounts of these compounds to water or urine to a final concentration ranging from 0.0128 to 0.206 mmol/L for potassium thiocyanate and 1 and 20 mmol/L for L-ascorbic acid. As shown in Table 3 , these potentially interfering substances did not affect the assay.
RECOVERIES
Recoveries of iodine added to urine samples in vitro at different concentrations are shown in Table 4 . The mean recovery was 99% (range 94-107%).
COMPARISON OF STANDARD CHLORIC ACID AND AMMONIUM PERSULFATE METHODS
Validity of the ammonium persulfate method was assessed by comparing the persulfate method with the standard chloric acid method (Fig. 5) [6] . Pearson's correlation was then applied to the results. There was an excellent correlation in 110 urine samples between the two methods, the coefficient of correlation (r) being 0.994. The regression equation with our standard Values for urine iodine were <3.9 g/dL or 0.31 tmol/L in 11 urines. Values for these 11 samples ranged from 0.6 jLg/dL to 3.6 ig/dL (0.05 to 0.31 imoVL) by the persulfate method, which correlated extremely well with the chloric acid method (r = 0.923; P <0.001).
In comparing the automated vs the manual method in 12 urine samples, the correlation coefficient was 0.994 (P <0.0001).
Discussion
Various techniques
have been proposed for the measurement of urinary iodine. Each method has its own advantages and limitations.
The automated dialysis system does not completely eliminate the interfering substances, since they cross the membrane barrier [8] . The alkaline ashing method [10] with potassium hydroxide depresses the catalytic effect of iodine in the Sandell-Kolthoff reaction, thus requiring a correction factor for the calculations.
The Technicon automated digestion system converted the manual procedure into an automated method by using corrosive concentrated mineral acids at 300#{176}C [11] . The measurement of iodine was as accurate and as sensitive as the semiautomated method.
However, this equipment is no longer commercially available. More recently, a modified automated digestion system has been reported [12] that utilizes potassium persulfate with ultraviolet irradiation to digest the samples and measures the iodine content by the Sandell-Kolthoff method. One disadvantage of this method is the potential cross-contamination of other samples by a grossly increased urine iodine concentration of a sample digested in this closed system. Furthermore, the initial cost to establish this method is expensive and may be prohibitive for some laboratories.
Persulfate compounds have long been used in analytical chemistry [13] . Allowing the oxidized mixture to evaporate to dryness will result in loss of iodine. The present method is analytically sensitive (>0.0034 g of iodine), on the basis of the Sandell-Kolthoff reaction, and is accurate (r= 0.994 compared with chloric acid digestion) [6] , reproducible (intraassay CV = 9.1% to 4.0%; interassay CV = 10.2% to 7.9%), affords excellent recovery (mean 99%), is linear up to 0.10 tg of i iodine, and is safe and economical.
There is no interference from either thiocyanate or L-ascorbic acid. Adaptation of this semiautomated method to measure the color reaction to other autoanalyzer systems is feasible by using the new sample-toreagent ratio and the same set of conditions described in our semiautomated procedure. Many laboratories, especially in developing countries, do not have the appropriate equipment or the resources to purchase the special perchloric acid fume hood required by standard laboratory safety regulations.
The new ammonium persulfate oxidation method will give comparable results with the chloric acid method. However, it can only be used for urine samples. In spite of the hazardous chemical properties of chloric acid, it has been our experience that it is an extremely versatile and effective oxidizer for providing accurate iodine determinations, and is useful for the determination of iodine in other biological materials such as blood, tissues, food and food products, and plants [6, 17] 
